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Introduction

There 1is encugh experimental infirmaticn availatle riow so that
a reascnable picture can be formed of the elecirens in the oyter belt.
Fram Explorer XII we rnow kncw there are <ypically ~107 electrcns/em®-sec
in the energy regicn 40 Kev = 1 Mev in the cuter belby. This is a
considerably lcwer flux than earlier estirates hed given. The flux
does nct vary much with position in the ~uter telt frem 25,000 ka tc
65,000 kr: and alcc that flux d-es n-t vaery much with tire, Tire varia-
tions of x2 cr x% in intercity ere scern In the 100 Kev enerygy rerge
ocrasionally ranging up tC X or x7 durirg Aucust and Septorter, ‘.%13/.
These variations might te duz -nly - charges In the regnetic field and
the essocliated effects cor particles rather then changes In the particle
populatiou. The large time variaticns In flux seen on several earlier
experiments are scen -rly in the high erergy (E - 1.6 Mev) group of
electrens on Explcrer XII. Very likely <he large tirme variatiors on
several earlier expsoriicrnts involved the hich erergy electrons also.

At the tizes <f rmagnetic storrs the 100 Kev flux charges as much as
X7, but returns to roughly the pre-ctorm flux in a few days at tke end of

the storn-g{ A1) of thece features see ¢o inlicate a populaticn of

1]

pa.x*ticle_s that has a gquite lirg lifetize,

It is very izportent <c a :.rplete understaniing of the radiation
telt to know the lifetime <f the trapped particles. When dealing with
a steady state p.pulati-n, the <nly wzy to 2asily deternire particle
lifetimes 1s bty re:ncuring the locs rate Srom the telt. Kncowing the

total population of the bolt then yilelds the averasge lifetime,

1/

="R-zrer. QBricn, Van AlLo n ard Fruwx, Pr pram of AGU Moeting,

April 25-28, 1962, Atstra~t I (20)

-2-/J. A, Van Allor, privese orxuniraticn
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Data ir-m Experisnts ~rn Dic - verer Sstellites

We have now informat.cn that teoars on the lifetime of the electrons

in the 100 Kev - 1 Mov cnersy rargs. Soveral instravents have recently
tecn flcwn on Discoverer :a:'-lli‘of. Thes= vehicles c¢rtit at a few
hurdred kil oweters altitude at en incliraticn of «320, 50 the earth

h 1s quite well covered by cessurcments froz these satellites. The
instruments that have boen Jlivn ar: (1) # thin CsI scintillator
covercd by 2 mils of Be. Thic stunted 2lecircas cf £ > 100 Kev and
proters above ebout 3 rev, (2) 3 thisk rlastic scincillator that ccunted
electrcns of Ec > 2 Mev znd protine of B> 195 Mev, and (3) a ten channel

P

/
negnetic electren ¢ ““»ﬁmtu‘é +hes counted electrars from 80 Kev

to 1.25 Mev.
The zount razes cf the C:I duiesicr are shown in Figure 1 1cr che
Southemr Hemisphere. Threeo types oF :"ﬂat.un;: are seen here. First,

' off the ccast of Brazil a high c.unt rate is cbserved which is relasted
to the loss of particles froo the inner radieticn telt. In this region
the earth's surface repnetis fi-1d is weak, sc that the inner belt
particles come clesest to the esrth here. Seooondly, irregular pulses
of particles are seen in the aurcral zones. Froz= the electron spect

‘ peter we know thet these pariicles are olectrens of Ee < 200 Kev and

; 3/%,. G. Mann, S. D. Tloom, ard H. I. West,
from 90-120 Kev ac Cbrained R Di:ccv»‘rcr Sziellite
Repuort to COSPAR C.nfercrnce, washingten, Do C., April 1
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a consideratls fraction of thez come essentially directly down the field
lincs. Thas i, the clectrons sar not trapped and drifting dcwn in
altitude, tut rather, they are on their way tc carth in cne single
tounce. :

The third group of particles is the most interesting. About 10°
cr 150 sutaurcrsl in the Scuth Atlantic we sce a large peopulation of
rarti~lec. Thece particles are nct uniquely identified as electrons,
tut nc protine of E > 3 Mw are knowr t- exist in this region o1 space,
g0 they are slmcc. cortealnly clestrins. These partzcles show a cmooth
spacial distrituti~-n, =nd their populeticn is quite consistent from pass
to pass. They ar: the losksoe trom the cutcr reiiation telt being lost
in the Capetown ;\:::x:;b&/ . " "I;!rm_v chowed a rcll modulation when one of
the Discoverer veh:olos tumiled indicatinge they are probsably
trapped particlos. Thele particles were clowly teing lost in an orderly
way, quite differ-nt from aur.r=l particl«-: which are lest i- squirts.

The plactis c2intillet r chows guive similar behevior in the
(3 Scuthern Bemisphere (FiFur: 2). The licz-s froa the inner telt off

Brazil and the lzcc frm the Cuter bolt ofF Céprto\m are quite aprarent.
The surcrzl cpik-c erz, hcwever, not Ceen irdicating thet the auroral
rarticles are belcw the :hm;hold of this detector.

In the liorthermn Hemicph e the Disccverer results are quite

d:fferert., Aurcrel pulces are ceen by the CoI detector (Figure 3) but -

-’t/A. J. Doccler, Journal £ Gorphysical Becearch, 6%, 713 (1959)




the other features ure nct. The c2intillater count rate (see Figure L)
does not chow any Ligh count rate regicns as in the Scuth Atlantie. |
Ccunt rate ccntours for the high cc;ntb rate regicns in the Scuth Atlantic
are shown cn Figure 5 and Figu;e € for the twe detectors.

These featurvs cof the radlsticn belts were first seen on low
eltitude Scviet satelllte 2‘—6‘/. Vernev, et al. ctserved beth the high
intensity region cff Zracil chut thoey dentiflel as mostly pretcens and
related tc the laner belt 2/ end alsc s high intensity regicn in the South

6.

Atlzntic meostly «le trcas relateld tc the cuter raiiaticn belt

Cal:ulat:on of the Lcss Rate

From theze low altitude mezsarezents on the cuter bel® electrcns,
we car calculate the rate of loss cf pert.cles fram the rzd‘atior belt.
If we have steady state in the radiacvion telt, then the situation
depicted in Figure 7 occurs. 2articles are continually Inlected into
the “elt. If, as s camoly thoughi, redlal diffusion is a slcw process,
then the particles are lcst frem the belt 3own Into the at=osphere ss
shown In Flgure Te This locc rate osn be descrited in terms of a
drii‘ting‘ cf particles down Intc the loss cones and eventually striking )y

the earth.

2/3. N. Vernov, I. A. Savenkc, P. I. Shavrin, K. F. Pisarenko, "The
Discovery cf an Internal Redliution 3elt at an Altitude of 320 ka in the b
Regicn of the Scuth Atlantic Mignetic Ancmaly,” Dcklady Akademii Nauk SSSR,
140, 1041 (1961)

§/S. N. Verncv, I. A. 3avenkeo, P. I Shavrin, V. E. Nestercv, X. F.
Pisarenke, "The External Radiation Belt about the Earth at an Altitude of
320 Kilemeters," Deklady Axademii Nzuk S3ER, 140, 787 (1961)
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In this calculation of the loss rate, we must assume that coulomb
scattering is the dorirnant loss process. We have measured the particle
flux ¢ at altitude h. From this we cen get the ret motion of particles

downwards, tke drift flux, D, by

.Y
vhere v Is the particle’s velocity and U is a dcunwerd drift velocity.
The drift velocity U descrites the proczss of poarticles gradiilly leai-
ing out “he liss ocne s the result cf coulcrb scattering. This is,
‘of course, an average ccncert arnd any one particle does not smcothly
move downwards Irn aliitude. The first attenmpts to describe this loss
processI‘—-B/ introduced the cconcepl of the velocity of lovering of
mirror p-invs, W. Later i1t wus chown that this descrfpticn cof the process
was incorples 2/ and 2 se2ind term T was needed which “wculd describe
the diffusion of the particlez. M:oDonall hes shc-'r]r'-ql that for tke cass

of the exponential &imosphere the two terms can te written as

. 2
v-wey-wilst 2 (50)d
. Yo < -

vhere H = scale height of tho atmospherce and p = alr density.

I/Chris:cfilas, “Traepping ard Lifetime cf Charged Particles in
the Ge:racretic Field,” UCRL Report 5507

yﬂ:lch and Whituker, J urmnl < f Ge rhysi~al Research, @, 909 (1959)

2/R. C. Wertw rth, Thecis, "Lifvtimes of Gecmagnetically Trapped
Particles De-termins=d ty C-ul-wh Scatterinsg,” Ph. D., University of Maryland,

1960
1o/

=" w. M:D-rald, private c.ommunicntion



If the electron flux € varies Inversely with air 3density 2 then
Y = 0. W kncw that this situation i{s roughly true fcr prectons, but
there is no gocd data cn electr:ns to evaluate Y. Fcr lack of better
information we will take W =Y and U = 2W. It would te gui:e Surpris-
ing if the altitude dependence of ¥ were such that Y » W, but we rust
wait for firil informatiom cn this,

Usirg the value of U = 1.5 x 10°cm/sec fcr E = 200 Kev for 400 k=

altitude, we can obta'n D as » fuaction of pesiticn frowm the CsI detector

data. From D we can determine tne tocal lcss rate L from the ;adfation
beit by
.

L= $ Dada
To get L ve integrate D along two lires of constant Integrel invariert
I, one in the norihcrn Zemisphere znd cne In tke JScuthern Bexispheore,
This sums up the loss fr-m one “"lunoid” cof the belt (see Figure 8).
A lunoid 1s a figure of revoluticn whcse crass section 15 a lune, the
region between twq neighboring field lines, 23 shown in Figure 8. We
will take two strips 1 cm wije around the carth in crder to evaluate L.
The volume of the lunoid whose bace 15 1 cm wide for ro = 2.8 re is
V = 1.4 x 103, L evaluated this way is 2.5 x 107 electrcns/sec and
the volume loss rate is 4 = L/V = 1.5 x 10 7 electrens/cxP-sec.

The only contribution to the integral to get L is frca the regicn of
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S_uth Atlantic. Fir a2 steady state situation the volume loss rate

4 = s, the scurce strength, that i{s p-pulatirg the radiation belt.

The source strergth s ca.lculatcdl—l/ for neutron decay is about ~10 33

elec/cm3-sec for the cuter belt. This value of ¢ looks very similar

to the calculated value of 4 which indicates that the peutron decay

source seems adequate in ctrength tc produce the outer belt electrons,
We can also get frum thlis th: averag- residence time - of an

electron in the rediation telt by acsuming stesadv state aud using

L = @/t where Q is the tctael nusber of electreons in the lunoid

_ 7107 elec/c:tz-spc " o 3 -
Q= T2 x 10%7 oufnec). 1.4 x 10°° cn® = 0.7 x 107 electrons

We get for * = /L = 0.7 x 10'7/2.5 x 10" = 3 x 10® sec. This time -
i, about the same as tne estimatec of 1ifet1m,w/ fcr outer
belt electrons, based on coulomb scattering.

It is cscmevhat surprising that the lors rate is as snall as it
scems to be as the result of thic calculaticn, We might expect, on

the basis of other expérim»:nt:, that pclar-cap neutrons would

-E/Hess, Canfield, ani Lirgenfelier, Jourral of Geophysizal Research,
66, 665 (1961)

_13/1;. J. Kellegm, Maveo Cireento, 11, 18 (1%9)

Q/w:ntvcnh, M:D.reld erd Singer, Phyciss of Flulds, 2, 499 (1959)

-]'-!—‘/Hess and K11leon, J-urral of Ge phyci-sl Recearch, 66, 3671

(1961)




substantially increase the galactic cosmic ray produced reutron source
strength. If this were the case, the source strerngth would be

increased above the value of s = 10 33,

Comparison of other Experiments with the Diccoverer Results

One other experiment measures the outer belt electron loss rate
directly and can be corpared with our calculation. The ccunt rate
of the 213 GM counter on the Injun satel.l.itelz/ dete,mines ihe
electron loss rate of electrons of energy E > 4O Kev. The anguiar
distribut.on of the particles cbserved by this ccunter over North
America is scmetimes so wide that the particles are otviocusly beirg
lost directly into “he atmosphere. The loss rate from these cbuserva.-
tirne is mucl larger tien tne valuc calculated here. The avernge
residence time - of an electron accord@g t~ f‘he 1jun analysis 1is
about 10% secoﬁds. The loss of electrons as ctserved cn Injin must
be considered to be the resuli of a catastrophlc process; that is,
the electron mirror altitude is changed by a large amount in a

single bounce period. This must be due to some process other than

coulomb scattering.

E/B. J. O'Brien, "Direct Observations of Dumping of Electrons,”
SUI 62-2
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This comparison of Injun and Discoverer results seems Inconslstent,
but with the help of the electron spectrometer experiment 2/ on Discoverer
we can understand both experiments.

The spectrometer detects three different and distinct spectra of
electrons.

Spectrum (A) is a very sharply falling off function of energy. The
intensity decreases a factor of e with increase in zbout 5 Kev and is only
present below 125 Kev. This ~pectrum is secen ‘almost world wide at scme
time: and other times is nc. seen a: all. Fluve: greater than 10° elec/
cmP-sec-ster zre seen in a 28 Kev vide channel centered at 94 Kev at some
times.

Spectrum (B} e-folds with a change cf energy of from 25 to 4O Kev
end goes up to about 200 Xev. It is seen prominently in the auroral
zone and shows large time fluctuations. A érdup of particles of 90 < E
< 245 Kev, with similar energy spectrum, w.th ccnsidersbly lower intensity
is seen in the laner belt loss zeone off 3Brazil and is seen some in the
outer belt loss zone off Capetown.

Spectrum (C) usually has a maximum intensity at about 600 Kev and
goes up beyond 1.2 Mev. At 200 Kev it i{s down abcut x2 from maximum
intensity. This spectrum is always seen in the inner belt loss zone off
Brazil and with lower intensity in the cuter belt loss zone off Capetown.
The fact that the spectrometer has lower intensities of the (C) spectrum
in the outer belt loss cone than off Brazil aay be due tc; £he fact

that the lock directicn of the spectrcmeter
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is clozr to the direction of the field line. If the argulur dictri-
tarion ic pancuke zhaped, it w.uld te seen iess neer the direction

i *he £i:1d Yre, The (C) spuctrum is elso seen in certain small

.

|
- wrons of the Pa-ific Ozcan. It ch2ws & cmooth spscigl varisticn
‘nd iz quit: ~siritant in time, The intensity et cre plece normally
’ i: constant tZ & fuctor of x2 for long periods.
; The 22T 4hst there are <hree different -pctra of electrerns
appar catly prodacsd ty Aiffirent prices~25 nelps explain other

. . 1 .
exporizents. The Injun exparursznt—i/ tnat cbserved catastrcphic

durping over Horth America ic quite ccncisten* ir spacial extent,

time veristicns and cnergy ond flux with the cpectrum (A) of
~lectrons ceen cn Discoverer The fazt that these clactrcns are
clmect ,11 uf £ - lOO-K-;vV m:ans “hu the C2I de=tectcr or Discoverer
will .1 coe these partieles.

Th (C) cpoc ruxr cbuerved on Dicecvere. locks guite 1like the
cnuilitrium elostron onergy Spestrum oxXpeliedT4—=i—" froo
noutren s-decay, €xcept that it oxtends tc higher onergiec. This
Fopuluticn of particloc shows emesth spacisl variaticns znd roll

mod.ulat ion indisating the perticles =re trapped, and the flux is quite

&/P. J. X11~¢3, Jourral °f Gocorhycisel Recearch, €5, 2706 (1960)

-
-l—*/L:nchck, Sirger end Wentwerth, Journal of Gecrhysical
kocearch, _Gé, 40:7 (1961)

et
[y}
o
('J

="i#.c- wnd Peirior, Jourrel of Georhysiczl Reo-zrch,

put liched

~q'l -,
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constant in time. All of these facts and also the fact that this
spectrum is seen essentially only in the magnetic field anomolies in
the South Atlantic strongly indicates that these particles are being
lost by coulcrd scattering. If other processes were responsible for
the particle loss then there would be no reeson fcr the measured

flux to be largest in the South Atlantic. The fact that the fluxes of
the (C) spectrum are concentrated in tho Scutk Atlantic peans that
the atmocsphers controls the loss procvess. The perticles’ airror
points care clcsest Lo the earth in this region and the particles
encounter the derc2st atmozphere bere. This shcus coulcrd scattering
is the dcminent loss process.

We can experimertally put e lcwer 1lirmit cn the (C) spectrum
particle lifetime frce the Discoverer data. The particle flux other
than in the Scuth Atlantic i 2 < 5 elec/c=®-sec. Assuming thet
this flux of particles is all being catastrorkically lost as the

Injun particles vere and therefcre D = 5, then ve get

' 4
L = 2 x 10*° elec/sec., £ = 20 3° clec/cm®-sec and - = é x‘léol

= .4 x 10" sec. The (C) spectrum electron lifetimes are, therefore,
longer than .4 x 107 sec and probably uch lcrger because the assump-

tions here are quite extreme.

Conclusions

The follcwing pointc have cume out of this analysis:
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(1) There are three ceparate grcups of electrons chbserved
cn the Disccvérer fiights.

(2) The (A) spectras £8llc off charply with erergy and does
not extend etove 125 Kev., It chiws largertlne flustusticrs. The
Injun experimernt that ctcerved direct dusping was juite likely
seeing this flux of parti-lez. The cource of *hece particles 1s not
understood.

3) The (B) zpo-tiam 1o the Zpestrum of eurcrel olestrons.

A simflar spectrum alcs appearc 2 ue in the pzaticles lost frao the
radiaticn telts Irdi-ating thLet cuoe of the electrons of E < 200
Kev in the radfeti~n belt have been eccelerated by aurcral processes.

(4) Mcst of the eleetrons in the radiaticn belt are cf the
(c) spectrum type whizh 1o:ks rather like a neutron E-decay spectrum
except extenling tc higrer erorgiec. These particles are lost frem
the radiaticn uelt »y cermdordb sScatterling.

(5) The averege recidence time of an electrin in the ocuter
radisticn beli is calculated on the tesis of cculome scattering to
be 3 x 10° seccrds ard iz zeacured to bte zonsiderebly longer then
.4 x 107 sez. The amrnalycis here is uncertain to x2 cr more in
two or three places, but the results are prctebly good to a factor
of X5.

(6) The data cr the (C) spectrum elestrons cconzerning thelr orergy
spectrum, loss rete ard lifetire ere all consistent with these particles
beirg the recult of neutron decay. Thece particles constitute mEt

of the irnn:r and cuter radistion telt electrens.

12
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